Carbonyl compounds and 1,4-butanediol were commercial products, and were distilled before use.
Experimental
Carbonyl compounds and 1,4-butanediol were commercial products, and were distilled before use.
R uthenium (II) complexes, R uH C lC O (PPh3)3 [12] , RuCl2(PPh3)3 [13] and R uH 2(PPh3)4 [14] were pre pared by published methods.
In a typical hydrogen transfer experim ent, car bonyl com pound (10 m mol), 1,4-butanediol (5 mmol) and ruthenium (II) complex (0.03 mmol) were placed in a glass am poule, and the air was re placed with nitrogen. The scaled ampoule was placed in a therm ostated oil bath and heated at 140 °C for 20 h. Reaction products were analysed by GLC. The analysis was carried out with a H P 5790 apparatus connected to a H P 3390 A calculating in tegrator. Separation of reaction products was accom plished using Carbowax 20 M on a Chrom osorb W HP 80/110 mesh column.
Results and Discussion
In the reaction betw een equim olar quantities of carbonyl compounds and 1,4-butanediol in the p re sence of catalytic am ounts of ruthenium (II) corn- plexes, carbonyl compounds were reduced to corre sponding alcohols, while 1,4-butanediol was con verted to y-butyrolactone:
The reactions were carried out in bulk without sol vent, and some representative results are presented in Table I . Among ketones an excellent yield was observed for the reduction of cyclohexanone to cyclohexanol. By increasing the ring size of the cyclic ketone, the yield on the cyclic alcohol dropped con siderably. This is probably caused by steric hindrance of the more bulky groups. Aryl alkyl ketones were reduced to secondary alcohols in good yields. In con trast, 4-methyl-2-pentanone is relatively resistant to reduction. When ketones were reduced with secon dary alcohols as hydrogen donors, the maximum yield of the reduced product was determ ined by the equilibrium existing in such systems [2] . This is not the case in the system presented here, where the yield of the reduced product was determ ined kinetically.
In the reduction of a,/?-unsaturated ketones, the C = C bond undergoes reduction before the carbonyl group. However, addition of the second equivalent of 1,4-butanediol caused reduction of a saturated ketone to the corresponding alcohol in 60% yield. Similar observations were reported for hydrogen transfer from 2 -propanol to a,/3-unsaturated ketones catalysed by iridium (I) complexes [15] .
Among aldehydes, benzaldehyde and hexanal were efficiently reduced to primary alcohols. This is not the case with cinnamic aldehyde and crotonaldehyde. Besides low yields of saturated aldehydes and unsaturated alcohols, condensation side pro ducts were observed. This may be due to the stabil isation by resonance between C = C and C = 0 bonds and coordination to the metal center as bidentate ligand, blocking the coordination of hydrogen donor.
In separate experim ents, the catalytic activities of ruthenium (II) complexes in the reaction between cyclohexanone and 1,4-butanediol have been examined. Thus after 1 h of the reaction, the extent of reduction decreased in the sequence, R uH C lC O (PPh3)3 (78% ), RuCl2(PPh3)3 (68%) and R uH ,(PPh3)4 (46%).
The results obtained here dem onstrate, that stoichiometric am ounts of 1,4-butanediol can be suc cessfully explored as hydrogen donors in the catalytic reduction of aldehydes and ketones in bulk without solvent, producing prim ary and secondary alcohols in satisfactory yields.
